R EGULAR PARTICIPATION IN
physical activity during adolescence is associated with several health benefits, including more favorable cardiovascular profiles, mental health, musculoskeletal health, and prevention of unhealthy weight gain. 1 During the past decade, several countries have developed physical activity guidelines for children and adolescents. [1] [2] [3] These recommend that school-aged youth participate in at least 60 min/d of moderate to vigorous physical activity (MVPA).
A reduction in habitual physical activity has been postulated as the major contributing factor in the increasing prevalence of child and adolescent obesity. 4 However, reliable secular data on this issue are not available to our knowledge. Examining data prior to the genesis of the child obesity epidemic would be helpful in characterizing secular trends and in providing a better understanding of the contribution of physical activity to the increases in child obesity.
The purpose of this study was to examine changes in the prevalence of and time spent participating in physical activity across 2 representative samples of adolescents in New South Wales (NSW), Australia, during a nearly 20-year period.
METHODS
The Australian Health and Fitness Survey 1985 (AHFS 1985) 5 was used to establish the fitness, health, and physical performance levels of children and adolescents in Australia. Random selection of schools was stratified by state and proportional to the number of students enrolled. Students aged 7 to 16 years were selected at random within schools. The final sample comprised 8484 students, of which secondary school questionnaire data (at ages 12-15 years) for the state of NSW were extracted to allow comparison with the 2004 data. The methods of the AHFS 1985 have been reported in detail elsewhere.
The NSW Schools Physical Activity and Nutrition Survey 2004 (SPANS 2004) was a representative population survey of primary and secondary students in grades kindergarten, 2, 4, 6, 8, and 10 in rural and urban NSW (n=5402). Proportional stratified random sampling was used to select schools. A detailed description of the methods of the SPANS 2004 has been published. 7 A subset of students in grade 8 (aged 12 and 13 years) and grade 10 (aged 14 and 15 years) completed the same questionnaire on physical activity participation that was used in the 1985 survey. The study was approved by the University of Sydney Human Research Ethics Committee and the State Education Research Approval Process of the NSW Department of Education and Training.
MEASURES

Assessment of Physical Activity
The same physical activity self-report questionnaire was used in both studies. Students were asked to think about only the previous week and to record the frequency and duration (on each occasion) of each of the following activities: (1) cycling to school, (2) walking to school, (3) physical education, (4) school sport, and (5) participation in any other physical activities (up to 4 different activities could be recorded).
Validity of the questionnaire was assessed by examining the relationship between time spent in MVPA and a measure of cardiorespiratory fitness, the 1.6-km run. This approach has been used in prior validation studies of self-reported physical activity among adolescents. 8 The association of MVPA with time taken to complete the 1.6-km run (in seconds) was assessed by calculating the Spearman correlation coefficient, which was found to be −0.21 (PϽ.001).
Demographic Measures
Students were asked to report their date of birth, postal code of residence, and the language spoken most at home. The postal code was used as a proxy measure of socioeconomic status (SES), and students were categorized as having a low, middle, or high SES based on data collected in the population census most proximal to the survey date. 9 Students' cultural background was assessed by the language spoken most at home and was used to categorize students as having speaking backgrounds of English or languages other than English.
PROCEDURES
In each study, trained assessors administered the same questionnaire using the same data collection procedures. Students were seated at individual desks and the instructions for completing the questionnaire were read from a prewritten script by 1 of the assessors. Students were encouraged to ask questions if required, and individual assistance was provided for any student with language or literacy difficulties.
STATISTICAL ANALYSIS
All of the analyses for this study were conducted between July 2005 and December 2006. Time spent in MVPA was calculated as follows. A rate of energy expenditure (metabolic equivalents [METs] ; kilocalories per kilogram per minute) was assigned to each activity based on the Compendium of Physical Activities, 10 and each physical activity was then categorized as light (Ͻ3.0 METs), moderate (3.0-5.9 METs), or vigorous (Ն6.0 METs) in intensity. Because only activities of at least moderate intensity are recommended in youth physical activity guidelines, activities with a MET value less than 3.0 were excluded. Also, with the exception of walking and cycling to school, activities for which the duration of participation was less than 10 minutes were not included. 11 Where a student did not indicate the frequency or duration of physical education or school sport, the missing value was replaced with the median value reported by other students at his or her school. Missing values for nonschool activities were replaced with the median value reported by other students for that activity. For each activity, the average time per session was multiplied by the frequency of participation to give the total time spent in that activity. The times spent in all MVPAs were summed to give the total time in MVPA.
Prevalence of physical activity participation was defined in 2 ways: (1) accumulation of at least 420 minutes of MVPA (Ն3.0 METs) over at least 7 sessions during the week (equivalent to an average of 60 min/d of MVPA), or (2) participation in at least 3 sessions of at least 20 minutes' duration of vigorous activity (Ն6.0 METs) (60 min/wk of vigorous physical activity). The first definition (60 min/d of MVPA) reflects current physical activity recommendations in the United Kingdom, United States, and Australia for youth, [1] [2] [3] and the second definition (60 min/wk of vigorous physical activity) reflects the vigorous recommendation from the physical activity guidelines for adolescents. 12 It has been recently suggested that 90 min/d of MVPA might be necessary among adolescents to prevent clustering of cardiovascular disease risk factors. 13 As such, we also classified adolescents based on participation in at least 90 min/d of MVPA.
Two age groups were constructed for the comparisons. The first comprised 12-and 13-year-olds and the second com- Separate analyses were conducted for each age group, stratified by sex, using SAS version 9.1 statistical software (SAS Institute, Inc, Cary, North Carolina). Analyses were conducted separately for 3 outcomes: (1) the proportion of students classified as physically active; (2) the proportion of students participating in at least 90 min/d of MVPA; and (3) time spent in MVPA. For the first 2 outcomes, the numbers and proportions of students who met the physical activity recommendation were tabulated for 1985 and 2004. Proportions meeting the guidelines were compared between 1985 and 2004 using logistic regression models. The SURVEYLOGISTIC procedure in SAS statistical software was used to allow for the stratified and clustered design of the surveys. Because the distribution of the third outcome, time spent in MVPA, was skewed, data were summarized with medians and interquartile ranges. Linear regression methods were used to analyze the log-transformed outcome, again adjusting for the stratified and clustered survey designs. The ratio of geometric means, which approximates the ratio of the medians (2004 vs 1985) , is presented as the measure of effect.
14 Because age, SES, and cultural background have been consistently reported as correlates of physical activity among adolescents, 15 all of the analyses were conducted with and without adjustment for these variables.
RESULTS
The participation rates for the adolescent questionnaire component of the AHFS 1985 and this substudy of the SPANS 2004 were 62% and 58%, respectively. The main reasons for nonresponse were absenteeism (sickness) and failure to return a consent form. Because active parental consent was required, it was not possible to distinguish between refusal to participate and failure to remember to return the consent form. We found no difference in body mass index between students who did and did not complete the physical activity questionnaire in the AHFS 1985 (t=0.16; P=.87).
As height and weight were not assessed in this sample of students in the SPANS 2004, it was not possible to determine whether there were differences in body mass index between those who completed the questionnaire and those who did not. We did, however, test whether there was a response bias with respect to body mass index between participants and nonparticipants in the main sample of the SPANS 2004 and found that the differences between these groups in the prevalence of overweight and obesity were all less than 1 percentage point.
16 Table 1 shows the demographic characteristics of both samples. Students in the SPANS 2004 were slightly older than those in the AHFS 1985 (mean age difference, 0.3 years), but the narrow confidence intervals meant that these differences were statistically significant (PϽ.001). There were no differences in SES or languages other than English between the 2 samples. Table 2 shows the prevalence in physical activity participation according to current guidelines and median time spent in MVPA for each survey year and the change between surveys. Physical activity participation was higher among boys for each age group and survey year. The proportion of boys who met current guidelines increased be- for age, SES, and cultural background. Large and statistically significant increases were consistently found for all of the 4 groups for all of the 3 outcomes. Additional modeling controlling for age, SES, and cultural background made no difference in these results.
COMMENT
The prevalence of meeting current physical activity recommendations, the prevalence of participating for 90 min/d or longer, and the time spent in MVPA markedly increased among 12-to 15-year-old adolescents from NSW during the period of 1985 to 2004.
STRENGTHS AND LIMITATIONS
Both studies used representative population samples. The same instrument administered with the same procedures and analyzed with the same physical activity criteria was used in both studies. Limitations are that selfreport is prone to recall bias and overestimation among adolescents, 17 although this bias would be present for both studies. Self-reports do not capture incidental or lightintensity activities very well, which means that walking and cycling for pleasure or transportation and unorganized play are probably not captured and that the total time spent in physical activity may be underestimated. The months of testing were different for both studies. The AHFS 1985 was conducted in May through October (late fall through mid spring in the southern hemisphere) and the SPANS 2004 data for this study were collected in March and April (early to mid fall). To determine whether season may be related to physical activity, we compared the prevalence of physical activity participation and time spent in MVPA reported on the AHFS 1985 by students surveyed in the winter and those surveyed in the fall and in the spring. No significant differences were found for either (P=.20 and P = .62, respectively).
COMPARISONS WITH OTHER STUDIES
Previous studies in the United Kingdom, greater Europe, Canada, and the United States have reported changes in self-reported participation in physical activity among adolescents. In the United Kingdom, the prevalence of participating in at least 3 sessions of vigorous physical activity had increased from approximately 28% to 42% among 12-to 15-year-olds from 1995 to 2003. 18 A more recent study of 7 European countries found that the proportion of adolescents who reported regular vigorous physical activity increased or remained stable from 1986 to 2002. 19 In Canada, data from 3 national health and fitness surveys showed that the proportion of adolescents who met recommended levels of leisure-time MVPA of 25.1 kJ/kg/d doubled from 10% to 20% among boys and girls aged 12 to 14 years and among boys aged 15 to 19 years from 1981 to 1998. 20 In the United States, data from the Youth Risk Behavior Surveillance survey showed that the prevalence of participation in vigorous physical activity has remained stable among students in grades 9 to 12 from 1993 to 2003. 21, 22 
EXPLANATION OF FINDINGS
Several explanations are possible for the findings described here. First, self-report instruments predominantly capture structured MVPA (such as organized sports) among adolescents. Conversely, incidental and light-intensity activities (walking, chores, moving around) are not well captured by self-report measures, 23 so changes in participation in these types of activities may not have been identified. Because these activities make up the largest proportion of overall daily energy expenditure, 24 our results must be interpreted with caution and cannot explain trends in overall physical activity participation.
At a community level, the increase in the availability of organized sports and in sporting club registrations among young people in recent years may have contributed to the increase in participation rates. 25 This has been supported at a policy level in Australia by the release of documents such as Backing Australia's Sporting Ability: A More Active Australia 26 that provided a framework for increasing youth participation in organized sports, especially at a club or youth league level.
There have also been changes in education policies in NSW during this period. A comprehensive elementary school physical and health education syllabus and a support document were released as drafts in 1992 and formally in 1999. Concurrent to this was the release of the support document Physical Activity for Health and Fitness 27 in 1997. These documents stressed the responsibility of elementary schools for promoting physical activity and providing regular and frequent opportunities for students to be active. Additionally, in 1998, all elementary schools in NSW were formally recommended to allocate a minimum of 120 min/wk of planned physical activity in every school grade from kindergarten to grade 6. These developments in elementary schools in NSW in the 1990s would have had a subsequent flow-on effect into high schools, which may partly explain the increase in physical activity among adolescents during this time.
Also, adolescents may have been more savvy about the term physical activity in 2004 compared with 1985; for example, activities such as walking and cycling for fun and dancing for pleasure perhaps were not thought to be physical activity in 1985 but were in 2004. 20 Related to this is the possibility of social desirability influencing the results in 2004. Because physical activity has been given more attention in the past decade, adolescents may feel some "evaluation apprehension" that could lead to overreporting their activity levels. However, even the hypothesized changes in incidental physical activity that may have occurred could not by themselves explain the large differences in overall physical activity participation.
Tangential to this are that because fewer adolescents are walking and cycling to school, 28 because neighborhoods are perceived as less safe for active play, and because the size of safe play areas such as backyards is decreasing, parents and adolescents themselves are turning to other, perceivably safer options such as organized sports and activities. Also, because self-reports more accurately capture these activities (very little active neighborhood, backyard, or street play is captured in selfreports owing to the unstructured nature), it is not surprising that these societal changes are resulting in increases in self-reported MVPA.
IMPLICATIONS FOR PUBLIC HEALTH
Our results, which show an increase in physical activity participation among adolescents, are encouraging as MVPA has the strongest association with health benefits. It is also encouraging that this is occurring against the backdrop of an increase in the prevalence of adolescent overweight and obesity, and it may have an effect on the magnitude of such increases. If organized sports and activities are increasing in popularity, then policy makers and communities should look for ways to promote such activities. One such way in Australia is the Active After-school Communities Program, which targets participation in organized physical activity by inactive children and currently involves more than 1700 schools and 90 000 primary school-aged children (http://www.ausport.gov.au/aasc). However, it must be remembered that there is a decline in participation in organized sports from adolescence to adulthood, 29 and as such, other popular types of adult physical activity (walking, exercise or fitness classes) need to also be promoted to older adolescents.
